Phenol and its derivatives are pollutants present in the effluents of major industries such as paper mill, oil refineries and petrochemical plants. Removal of phenol from industrial effluent is extremely important because of its toxicity to the aquatic life and environment. In the present study, an attempt has been made to eradicate the phenol from wastewater using isolated bacteria from chronically contaminated effluent samples of a paper mill industry. The pH value of the effluent has been observed to be 8.2. The presence of high concentration of phenol has been observed in the effluent samples. The total sixteen bacterial isolates as obtained were checked for growth on minimal salt medium amended with different concentrations of phenol by flask culture technique. In the present study, the two isolate species of SP-4 and SP-8 were found to be very tolerant to degrade a phenol concentration up to 1800 mg/L.
Introduction
With the rapid increase in population and hasty industrialization in past few decades, the industries have emerged to be critical for the humans and the environment. The effluents from these industries are proved to be the main source of numerous kinds of pollution in natural water. In India, the paper industry consumes a large amount of water and is considered to be the largest water polluting industry (Trivedy and Raj 1992) . It is also reported that almost 75-95% of the water discharged as effluent from various industries contains organic, inorganic pollutants and colouring materials. The produced chemicals as pollutants in various forms effect the soil and growth of plants grown on such soils (Baruah et al. 1996) . Pazarlioglu and Telefoncu (2005) reported that the effluents from pulp and paper, oil refineries, polymeric resins, insecticides, pesticides, steel plants, textile, dyes, coal processing and plastics, and pharmaceutical industries contain phenolic compounds as their major constituents. In all the water pollutants, phenol is amongst the most frequent pollutant. Also, phenol and its derivatives can alter the taste and odour of water and make it highly toxic to aquatic life, animals and human beings (Shazryenna et al. 2015) . The phenol is a potential carcinogen as it could be absorbed through skin. Also, upon ingestion of phenol by human beings and animals, it can cause vomiting, paralysis, lung failure and cardiac arrest. It has been reported that phenol concentration of 5-25 mg/L can be poisonous or lethal to fishes (Kumar et al. 2005; Dabhade et al. 2006) .
The toxic levels of phenol usually range between the concentrations of 10-24 mg/L for human and the toxicity level for fish between 9 and 25 mg/L. Lethal blood concentration of phenol is around 150 mg/100 mL. Due to the toxic nature of phenol, several regulatory bodies all over the globe like the MOEF, GOI, EPA and USEPA listed phenol and phenolic compounds on the priority pollutants list as well as also have proposed maximum permissible limits of phenol in different categories of water. It is very important to remove phenol from contaminated water before discharge into any natural water because of their toxicity to aquatic organisms. It has severe effect on human being, both short and long term (Sonawane and Koreke 2016) .
In the present era of industrial and social growth, developing green and sustainable technology for the treatment of industrial effluents is very prominent research area (Kulkarni and Kaware, 2013) . Various researchers used versatile phenol removal methods and techniques such as polymerization, electro-coagulation, extraction, and photocomposition, electro-fenton (EF-Fere) method, advanced oxidation processes, adsorption and ion exchange process. These developments are found to be virtuous but pose certain drawbacks in one way or the other. Thakur (2004) reported that the biological treatment methods are known to be efficient and effective in reducing the organic load and poisonous effects of paper mill effluents. A study being conducted by Park et al. (2007) investigated that the microorganisms treats such effluents generally by the processes including action of enzymes and biosorption. The diverse group of enzymes responsible for the treatment of paper mill effluent are lignin peroxidase, manganese peroxidase and laccase (Malaviya and Rathore 2007) . Microorganisms enhancing the production of enzymes are found to be effective in treating the industrial effluents containing phenol and its derivatives (Dubey and Hussain 2014 ). Considering the above-mentioned facts in view, a study was being planned with the objective of isolation and screening of phenol-degrading bacteria from pulp and paper mill effluent.
Materials and methods

Sample collection and analysis
The effluent samples for analysis were collected from a fullscale effluent treatment plant treating paper mill wastewater located at Saharanpur, Uttar Pradesh, India. The samples were collected in screw cap bottles previously cleaned by washing in non-ionic detergent rinsed with tap water and soaked in 10% HNO 3 for 24 h prior to final rinsing thoroughly with deionized water. Thereafter, the screw cap bottles were sterilized in autoclave and the collected samples were kept at 4 °C before analysis. The physico-chemical analysis of effluent was carried out as per the methods prescribed in standard methods of APHA (American Public Health Association, 2005) . The phenol concentration in wastewater was analyzed using UV-Vis spectrophotometer (Systronics UV-Vis spectrophotometer 118) with 4-aminoantipyrine reagent. All the chemicals used in present study were obtained from Hi-Media Laboratories Pvt. Ltd, Mumbai, India.
For the isolation of pure cultures, serial dilution technique was used for the effluent samples obtained from effluent treatment plant. Pour plating was done from the dilutions 10 −6 , 10 −7 and 10 −8 in Petri plates containing minimal salt medium (MSM) at temperature of 37 °C. Thereafter, the appeared single isolated colonies on incubated plates were picked up with the help of sterile nichrome wire and streaked on separate fresh plates of the same medium. These plates were again incubated at 35 ± 2 °C for 24-48 h in incubator to obtain a pure culture.
Media and screening of phenol tolerant bacteria
The strains were screened for phenol tolerance in phenolamended MSM agar and broth in the presence of 1% glucose (w/v). The medium constituents (g/L) are: Na 2 HPO 4 :1.6; KH 2 PO 4 :0.4; NH 4 NO 3 :0.5; MgSO 4 .7H 2 O:0.2; CaCl 2 :0.025; FeCl 3 :0.0025; and Agar: 2.0, which was supplemented with varying concentration of phenol (500-2000 mg/L) along with control and with/or without glucose supplementation and pH of the medium was 7.2. Phenol tolerant bacteria were screened from enrichment flask containing MSM with phenol as a sole carbon source. The broth was taken with different concentrations of phenol ranging up to 2000 mg/L. The isolated strains were inoculated into medium with the help of inoculation loop and incubated on a shaking incubator (Biogen) at 125 rpm and 28 ± 2 °C for 48 h in 500-mL conical flasks. Growth of bacterial cells at different phenol concentrations was determined by bacterial turbidity measurement at 610 nm at every 2-h interval up to a 48-h incubation along with control by using UV-Vis Spectrophotometer. The isolates were screened for further studies on the basis of their tolerance to phenol.
The selected isolates were purified by repeated streaking on mineral salt medium containing 100 mg/L of phenol, and the working culture was maintained by culturing in mineral salt medium containing 1000 mg/L of phenol at 2-weeks intervals (Ali et al. 1998 ).
Result and discussion
Physico-chemical analysis of effluent
The colour of the effluent sample obtained from pulp and paper mill was brown with unpleasant smell. The main problem observed was persistent dark brown colour due to lignin and its derivatives (Madan et al. 2018) . Colour derived from lignin indicates the presence of potentially inhibitory compounds, and in addition, it may have direct inhibitory effects on some of the lower organisms in the food chain. Also, odour problem may be due to the presence of high concentration of phenol and its derivatives generally found in pulp and paper mill effluents and are not easily biodegradable. The presence of phenol indicates the high concentration of COD in such type of wastewaters. The physico-chemical parameters of the obtained sample have been determined and are summarized in Table 1 . The concentration of total suspended and dissolved solids has been found to be 365 and 2490 mg/L, respectively. This indicates the presence of considerable amount of total suspended solids and total dissolved solids in the pulp and paper mill effluent. These are important parameters for evaluating the suitability of effluent for irrigation purpose as total dissolved solids might clog both the solid pores and component of water distribution system also.
The pH value of effluent has been observed to be 8.2, thus indicating the alkaline range. The discharge of waste water into water bodies may cause a drop or increase in their pH values due to the size and activities of microbial population. The concentration of biochemical oxygen demand and chemical oxygen demand in the effluent as shown in Table 1 has been found to be 1186 and 2748 mg/L, respectively. It indicates the presence of high concentration of organic matter in the effluent sample. The results of sample analysis revealed that thorough treatment of the effluent is required before discharging. Biological method of utilizing specific class of microorganisms is the only choice to treat that type of effluent. This is because the biological system proves to be beneficial for treatment and removal of hazardous substances from the ecosystem (Marihal and Jagadeesh 2013).
Isolation and culture of bacteria from paper mill effluent
The effluent samples in the present study were measured in terms of viable counts per mL of sample. It has been found to be 2 × 10 4 cells per mL of effluent. The colony forming unit (2 × 10 4 cells per mL) of the effluent sample has been found to be 2 × 10 4 cells per mL as extremely low indicating the loss of useful microflora. Haritash and Kaushik (2009) observed that the phenol-degrading enzymes are broadly distributed in different microorganisms that play an important role in the degradation of phenol. Marihal and Jagadeesh (2013) reported the loss of very important microbes due to addition of untreated chemicals and other contaminants.
The enrichment method for isolation has been used in the present study in order to obtain specific bacteria amongst diverse natural population. However, a total of 16 different types of bacterial strains were isolated from the collected effluent sample. For enumeration of bacteria, nutrient agar medium was used. To obtain pure culture, the cultures were repeatedly streaked on nutrient agar medium and incubated at 37 °C for 24 h. Pure culture of all total sixteen bacterial isolates was developed and categorized serially as SP-1, SP-2, SP-3, SP-4, SP-5, SP-6, SP-7, SP-8, SP-9, SP-10, SP-11, SP-12, SP-13, SP-14, SP-15 and SP-16 (Fig. 1) .
These isolates were further checked for growth on MSM broth medium amended with different concentrations of phenol. Growth has been found to be negligible on applying higher concentration of phenol (2000 mg/L). This may be due to the sensitivity of these bacteria towards higher concentration of phenol, or they may require acclimatization on phenol prior to its degradation (Abd-El-Haleem et al. 2002) . It has also been observed that with respect to time and acclimatization, the growth of bacteria appears in the phenol medium, indicating that the bacteria gradually adapt themselves to the compound. A large number of phenol tolerant bacterial and fungal species have been isolated from phenol contaminated sites (Bhushan et al. 2000; Sun et al. 2012) . Arutchelvan et al. (2005) reported isolation of competent bacterial cells from the wastewater of industry manufacturing phenol-formaldehyde resins.
Screening by growth studies
Phenol and its derivatives have shown surprising capability in phenol elimination with bacteria having fast reproduction after acclimatization. So with isolation, purification and growth of species, which has high capability of phenol removal, can be utilized in areas with wastewaters containing high phenol concentrations. However, logically it can be inferred that the increase in the phenolic concentration causes the selection and utilization of the phenoldegrading microorganisms with less diversity. On the other hand, selecting groups can be more effective which can withstand more tolerance of phenol concentration when compared with the non-degrading microorganisms. Hussain et al. (2008 Hussain et al. ( , 2009 Hussain et al. ( , 2010 ) conducted a study using membrane bioreactor in treatment of phenolic wastewater. The study revealed the various significant features regarding diversity, physiology and function of pseudomonas population that is found in industrial phenol-degrading bioreactors. However, a significant physiological heterogeneity in the tolerance limit of bacterial isolates has been observed in treatment of phenolic wastewater (Whiteley et al. 2001; Whiteley and Mark 2000) . In the present study, two bacterial isolates SP-4 and SP-8 showed luxuriant growth on phenol-amended minimal salt medium (MSM) in the presence of 1% glucose (w/v), whereas no growth has been observed in the absence of glucose. Both the strains showed fast and luxuriant growth at phenol concentration of 0-1000 mg/L as shown in Fig. 2 . The results obtained from present study pertaining to growth studies indicate that SP-4 is capable to tolerate the phenol up to a phenol concentration of 1600 mg/L. Also, the bacterial isolate SP-8 can tolerate the phenol up to a phenol concentration of 1800 mg/L. However, no growth has been observed in both the bacterial isolates at phenol concentration of 2000 mg/L (Figs. 2, 3) .
Similar study being conducted by Yang and Lee (2007) reported that phenol has a potentially inhibitory effect on cell growth based on the fact that the high phenol concentration of 2000 mg/L causes substrate inhibition. It is also reported that the subsequent exposure to the increasing phenol concentration from 0 to 2000 mg/L on isolated microorganisms can degrade it effectively and efficiently. It is a common technique used in the enrichment process also. However, Rigo and Alegre (2004) observed that isolated Candida parapsilosis can degrade phenol concentration of 1000 mg/L after screening. Therefore, from present study it can be inferred that the wastewater containing phenol concentration of 1800 mg/L can be effectively treated, and thus, phenol can be removed by using bacterial isolation method.
Conclusion
The removal of phenol in industrial effluents is very crucial due to its persistent and toxic effects. In the present study, two bacterial strains SP-4 and SP-8 have been isolated from the pulp and paper mill effluent and screened out for phenol degradation. The obtained bacterial stains SP-4 and SP-8 are capable of tolerating phenol up to a concentration of 1600 and 1800 mg/L, respectively. The obtained strains were found to be efficient amongst the sixteen strains established by checking their capability of phenol tolerance with respect to the incubation time. The present study can be utilized in real-scale systems as identification of phylogenetically closely related species for phenol degradation is an important aspect. This will help in treatment of industrial wastes, and the utilization of such isolated microorganisms proves to be more economical and feasible. This will reduce the environmental burden with the development of technology as an effective and economical method.
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